Background. Cereal products constitute the basis of the diet pyramid. While the consumption of such products as bread decreases, the group of food which popularity increase is cereal snacks. Unfortunately, the dietary value of this group of foodstuffs is limited. Thus, different types of cereal bran may be added to the produced snacks to enhance their nutritive value. However, an addition of bran may have an adverse effect on quality attributes of products. Material and methods. Corn grits enriched with 20 and 40% oat, wheat and rye bran was extruded. Basic parameters determining the nutritive value, physical characteristics and sensory attributes of the six produced types of extrudates were measured and compared. Moreover, the effect of additives applied on viscosity of aqueous suspensions of the raw materials and extrudates under controlled conditions was measured using RVA. Results. The dietary value of snacks containing bran depends on the type and quantitative shares of the additives. The content of dietary fi bre in produced extrudates ranged from 6.5 to 15.8%, including soluble dietary fi bre at 2.1 to 3.7%. With an increase of bran content in extrudates, their expansion decreased, density increased and the colour of extrudates changed (reduced brightness, increased a*, decreased b*). In sensory evaluation the highest acceptability was given to extrudates with a 20% addition of oat bran, while the lowest was given for those with 40% wheat bran. Based on PCA results positive correlations were found between overall desirability and crispiness, porosity, taste, colour and expansion. Negative correlations between desirability and hardness and density of extrudates were observed. The additives and their level also had an effect on changes in viscosity of aqueous suspensions measured using RVA. However, no correlation was found between quality features of extrudates and values of attributes measured in the analysis of viscosity. Conclusion. In the production of corn extruded snacks an addition of oat, wheat and rye bran may be applied up to 20%. Such products have adequate sensory and dietary quality. The Critical Paste Test (Whalen et al., 1996) is not applicable in the evaluation of suitability of the corn raw material with an addition of oat, wheat and rye bran to produce extrudates.
INTRODUCTION
In view of changes in lifestyle, the growing prevalence of civilisation-related diseases and increased consumer awareness it is necessary to focus on food as a source of not only basic nutrients, but also other components having a benefi cial effect on our health and well-being. Plant-origin products, including cereals, are primary sources of dietary fi bre in our diet. However, it should be taken into account that not only the amount of consumed total dietary fi bre but its fractional composition is important (Górecka et al., 2011) . From the physiological point of view the soluble fractions of fi bre have a highly advantageous effect in the prevention of civilisation-related diseases such as e.g. obesity, hypercholesterolemia, heart disease or diabetes. The soluble fractions of fi bre exhibit a higher antioxidant activity than the insoluble ones (Esposito et al., 2005) . It also has a greater gelation capacity and shows emulsifying properties (Sozer et al., 2014; Feng et al., 2013) . The amount and fractional composition of dietary fi bre found in cereals depend on the species. Wheat contains approx. 11-15% of dietary fi bre (Boros, 2011) , of which insoluble dietary fi bre accounts for approx. 9-11%. Markedly greater amounts of dietary fi bre, mainly arabinoxylans, are found in rye. Including fructans, rye contains as much as 22% of dietary fi bre (1/5 as the soluble fraction) (Rakha et al., 2010) . Oat is also a rich source of dietary fi bre (Piątkowska et al., 2010) . It may contain from 14 to 17% of dietary fi bre. In this case the main fraction is composed of β-glucans. The content of β-glucans ranges from 4 to 7% in hulled oat and from 6 to 9% in bran (Gibiński, 2008) . Dietary fi bre, as well as numerous bioactive compounds, is distributed mainly in the outer fragments of kernels. They are removed in the form of bran during milling to produce white fl our, most commonly used in baking.
Unfortunately, the level of consumption of wholemeal cereal products in Poland is relatively low. While in Germany as much as 20% of consumed bread is wholemeal bread, in Poland it accounts for only 4% (Goryńska-Goldman, 2010) . Moreover, in Poland the level of bread consumption has been decreasing systematically (Rocznik..., 2013) . Within the last 20 years this drop is estimated at over 20% (Goryńska--Goldman, 2010) . Snacks constitute one of the few groups of cereal products, which consumption is increasing (Wesołowska, 2013) . The basic materials for their production are corn or rice milling products (Rytel et al., 2012) . Their dietary value is relatively low. These products supply high amount of saccharides, a slight amount of low-quality protein and little amount of dietary fi bre. In order to increase the content of dietary fi bre and accompanying bioactive substances in snacks, the traditional raw materials may be enriched with cereal bran, which not only improves the dietary value of the product, but also infl uences physical characteristics and sensory attributes of extrudates.
The aim of this study was to determine the effect of commercially available oat, wheat and rye bran on the nutritive value, physical properties and sensory attributes of corn snacks produced with their addition. Moreover, this study also determined the effect of applied additives on changes in dynamic viscosity of aqueous suspensions of materials and extrudates, recorded under controlled conditions.
MATERIAL AND METHODS
Material for analyses comprised corn grits, obtained from The Stanisław Grygier Mill (Wonieść, Poland) with granulation of 850-1250 μm, and commercially available bran: oat (OB), wheat (WB) and rye (RB), purchased in Kupiec Company (Paprotnia, Poland). Bran prior to its addition to corn grits was comminuted in a WZ-1 laboratory mill (Sadkiewicz Instruments, Bydgoszcz, Poland) and sieved at mesh size of 650 μm.
Mixtures of corn grits and bran were extruded. On the basis of our earlier experiments the share of bran in the mixtures was 20 and 40%. Extrusion was performed in an S-45 single-screw extruder (Metalchem, Gliwice, Poland) of L:D = 12:1 and compression rate of 3:1. The following process conditions were applied: temperature: section I/section II/head 135 o C/175 o C/135 o C; nozzle diameter 3.0; screw rotations 90 rpm. Mixtures of materials were supplemented with water to 15% at 24 h before extrusion.
Chemical composition of extrudates
The basic chemical composition of extrudates was determined. The content of protein was determined according to Kjeldahl (AACC, Method 46-06), fat content was assayed according to Soxhlet (AACC, ties, physical and sensory characteristics of extruded corn snacks. Acta Sci. Pol. Technol. Aliment., 14(4), 375-386. DOI: 10.17306/J. AFS.2015.4.37 www.food.actapol.net/ Method 30-10); the ash content (AACC Method 08--01) as well as the content of dietary fi bre (total -TDF; soluble -SDF and insoluble -IDF) were determined according to Asp et al. (1983) . The content of starch was calculated from the following formula:
Physical properties of extrudates
The expansion ratio (ER) was defi ned as a ratio of extrudate diameter to the diameter of the nozzle (Thymi et al., 2005) . Bulk density of extrudates was expressed as a ratio of extrudate weight to its volume (Ali et al., 1996) . Water Absorption Index (WAI) as well as Water Solubility Index (WSI) were determined following the method proposed by Anderson et al. (1969) . The colour of extrudates was measured using a Chroma Meter CR-410 refl ectance colorimeter (Konica Minolta, Japan Sensing Inc.) in the CIE L*a*b* colour system, where L (0-100) defi nes brightness; aredness (a positive value) or the greenness (a negative value), b -yellowness (a positive value) or blueness (a negative value) (Anton et al., 2009 ). The following measurement conditions were applied: Illuminationwide-area illumination/0°, illuminant condition -C and observer condition 2° standard observer.
Sensory analysis
Snacks were subjected to sensory evaluation. A trained 10-member panel (in three sessions) evaluated porosity, crispiness, colour, taste as well as overall desirability of products. A 9-point hedonic scale was applied (1 -disliked extremely, 5 -neither liked nor disliked, 9 -liked extremely) (Meilgaard et al., 1999) . The products were considered acceptable when 50% of the panellists gave them a score greater than or equal to 5 (liked slightly) (Conti-Silva et al., 2011) .
Analysis of the viscosity profi le of materials used in the experiment Viscosity profi le of aqueous suspensions of raw materials blends (10% d.m.) was assessed in a RVA Tec Master apparatus (Perten Instruments, Hägersten, Sweden), in accordance with the standard AACC Method 76-21. Gelatinization temperature, peak viscosity, trough, breakdown, fi nal viscosity and setback were determined.
The critical paste test (the viscosity profi le measured at the gelatinization temperature of starch contained in the materials) of raw material blends was carried out according to Whalen (1998) . Pasting temperature was determined in the standard AACC Method 76-21.
Analysis of the viscosity profi le of extrudates Viscosity profi les of extrudate solutions (10% d.m.) were determined according to Whalen (1996) . Cold viscosity, hot viscosity and fi nal viscosity were determined.
Statistical analysis
The experiment was conducted in three replications. Results were analysed statistically using the Statistica 10 software. One-way analysis of variance was applied. Signifi cance of differences was verifi ed based on Tukey's test at the signifi cance α = 0.05. The expansion ratio and density of extrudates were measured in 20 replications, WSI and WAI in six replications, while the other analyses were performed in triplicate.
The Principal Component Analysis (PCA) was conducted using the obtained data. All the data recorded in the tests was used to form the axes. The result is presented in a two-dimensional system (biplot) obtained by plotting the observations and variables on the plane formed by the calculated principal components. Additionally, the correlation matrix was constructed for the variables used in PCA.
RESULTS AND DISCUSSION
Produced extrudates differed in their chemical composition (Table 1 ). An increase in bran content in products from 20 to 40% resulted in an increased content of protein, fat, ash as well as dietary fi bre. Also the type of added bran infl uenced the results.
Snacks with an addition of oat bran were characterized by the highest content of protein and fat, while the content of minerals was lowest. Signifi cantly lower contents of TDF in snacks enriched with oat bran were recorded in comparison to snacks with an addition of wheat and rye bran. However, it should be stressed here that the snacks with oat bran addition contained relatively high amount of the SDF. According to Jenkins et al. (2000) the share of SDF in TDF should be approx. 30%. In the snacks with an addition of 20 and 40% of oat bran SDF accounted for approx. 32% of TDF. In extrudates with an addition of rye bran the content of this fraction was 26-28%, while in snacks with an addition of wheat bran the share of SDF in relation to the TDF was the least advantageous and amounted to 18-21%. Observed differences result from the different chemical composition of added bran. From the point of view of SDF to IDF ratio the most advantageous dietary value was found for snacks with an addition of oat bran, followed by rye, while the lowest was that of snacks with an addition of wheat bran. However, all these products still contain minimum of 6 g dietary fi bre in 100 g product, so in accordance with the binding regulations they may be classifi ed as foodstuffs with a high content of dietary fi bre (EFSA, 2007) .
The used additives affected also physical characteristics of extrudates. With an increase in the addition of bran the expansion rate decreased and density of extrudates increased (Table 2) .
Expansion of extrudates substantially determines quality of extrudates. The highest expansion ratio (ER) was found for snacks with 20% addition of oat bran, while it was lowest at 40% addition of wheat bran. An increase in the content of oat and wheat bran from 20 to 40% resulted in a reduction of expansion by approx. 30%. A lesser decrease was recorded in products with an addition of rye bran. Density of extruded products was inversely correlated with the ER value. An increased addition of bran resulted in an increased density of the product. When comparing bulk density of extrudates it was shown that an addition of wheat bran had the greatest negative effect on the value of this parameter. The lowest value was recorded when oat bran was added. The differences in ER and density values of extrudates produced with addition of bran were dependent on the type of bran and amounted to 89%, 30% and 16%, for oat, wheat and rye bran, respectively ( Table 2) . The expansion and density of extruded products depend to a considerable degree on the chemical composition of raw materials. A high content of dietary fi bre, particularly its insoluble fraction, and a relatively low content of starch cause a lower expansion of extrudates at their simultaneous density (Robin et al., 2011) .
Produced extrudates differed also in terms of WAI and WSI values. Higher values of WAI (by approx. 5-9%) were obtained at the 20% rather than 40% addition of bran. When comparing the effect of addition of different bran types, the highest WAI value was found for products containing wheat bran. Oat and rye bran contain more of the SDF, which is dissolved during analysis and increases amount of soluble substances (WSI).
With an increase in bran content from 20 to 40% WSI values decreased ( Table 2 ). The decrease was about 8% in the case of the increasing share of oat bran, and 13% for rye bran. It reached up to 30%, when the wheat bran content in extrudates increased. Similar trends were recorded by Rzedzicki et al. (2004) as well as Sobota and Rzedzicki (2004) when investigating WSI of extrudates in the variable function for the content of other high-fi bre materials. The lowest WSI values were found for extrudates with the wheat bran addition. On the basis of chemical composition of extrudates it can be stated that wheat bran contained the highest amount of dietary fi bre (mainly IDF), as well as the lowest amount of starch, from which soluble substances are formed as a result of dextrinization (Smith, 1992) . Another factor determining WSI values is the intensity of shear forces. The fat reduces shear forces acting in the extruder chamber. Probably that is why in the extrudates with the addition of oat bran (which contained higher amount of fat) in comparison to extrudates with the rye bran addition had lower WSI values, although they contained higher amount of starch.
The type of added bran and its amount also infl uenced the colour of extrudates (Table 3 ). The highest brightness value was recorded for extrudates with a 20% addition of oat bran, while the lowest was obtained for a 40% addition of wheat bran. Snacks with an addition of 40% of wheat bran were characterized by the highest redness (a* value) and the lowest yellowness (b* value). The increasing amount of added oat and wheat bran caused considerable changes in the colour of snacks, while these differences were significantly smaller in snacks with an addition of rye bran.
In the next stage of this experiment snacks were subjected to sensory examination (Table 4 ). The highest desirability for all the investigated attributes were recorded for snacks with a 20% addition of oat bran. Lower acceptability were given to products with a 40% addition of oat bran as well as 20% rye and wheat bran. In turn, a 40% addition of wheat and rye bran caused a considerable deterioration of sensory quality of snacks. These extrudates were no acceptable by panellist (scores of sensory evaluation of the snacks were below 5 points).
Physical characteristics and quality properties of extrudates are determined by the chemical composition and physical properties of raw materials. In order to show how each type and the amount of added bran may modify rheological properties of raw material pasting characteristic was analysed. This facilitates inference on viscosity raw material and its changes during extrusion, infl uencing the expansion of extrudates (Cauvain et al., 2005) . Results of the analysis are given in Table 5 .
Gelatinization temperature of raw materials suspensions ranged from 71.8 to 75.0°C. At a higher addition of bran a lower gelatinization temperature was recorded. It was also shown that viscosity of raw material suspension with an addition of different bran types varied. The highest value was recorded when oat bran was added. This pertains both to peak viscosity, trough and fi nal viscosity. Lower values (by approx. 50%) were recorded in the case of mixtures containing wheat bran. When analysing samples with an addition of rye bran viscosity was several times lower. This is probably caused by the high activity of amylolytic enzymes, which break down amylose and amylopectin chains, thus reducing viscosity of suspensions (Poutanen, 1997) .
The standard test of viscosity measurement does not provide an unambiguously assessment of suitability of the raw material for the production of good quality extrudates. Whalen (1998) proposed the application of critical paste test. In the case of corn as the material which viscosity grows intensively at the gelatinization temperature should be more suitable for the production of extruded snacks. In this study it was stated that the viscosity of the paste increased most rapidly with the addition of oat bran to corn grits.
Lower viscosity values were reported when wheat bran was added. In turn, the lowest viscosity values were found for blends of corn grits and rye bran (the viscosity increased only slightly at the beginning of analyses and decreased afterwards; Fig. 1 ). Based on the results it may be concluded that the viscosity is infl uenced not only by the presence of starch, but also other components differing in their affi nity to water, such as β-glucans (oat bran), arabinoxylanes (rye bran) as well as IDF (wheat bran) (Zhu et al., 2016; Kale et al., 2015; Fabek et al., 2014) . Viscosity of the samples, particularly that containing rye bran, may also be infl uenced by the activity of amylolytic enzymes breaking down amylose and amylopectin chains. According to the theory proposed by Whalen (1998) , corn grits with an addition of oat bran should be the most suitable raw material for snacks production, while corn grits with an addition of rye bran is an inferior material. In contrast to the raw material blends with an addition of oat bran, low viscosity values recorded for mixtures with a share of rye bran were not refl ected in the results of quality assessment of snacks. Despite the considerably lower values of viscosity of the suspension, quality attributes of snacks with an addition of rye bran did not signifi cantly diverge from those of the product containing wheat bran. Our results indicate that the criteria proposed by Whalen (1998) for the assessment of material suitability, satisfactory for corn, are not applicable in the prediction of quality of extruded products with a share of bran.
In Table 6 results of viscosity test of extrudates are presented. According to the theory cold viscosity value is an indicator of starch gelatinization during extrusion. Gelatinized starch swells and at low temperatures it is dispersed, so cold viscosity suspension is high. Residue of non-gelatinized starch swells Fig. 1 . Comparison of paste profi les of raw material blends according to Critical Paste Test: OB -oat bran, WB -wheat bran, RB -rye bran during heating, increasing gel viscosity and thus the peak of hot viscosity is plotted on the graph. However, it should be remembered that the value of cold viscosity depends also on the intensity of shear forces and a lower viscosity may sometimes result from the progressing dextrinization rather than a lower gelatinization rate (Whalen et al., 1996) . Table 6 presents changes in viscosity of extrudates suspensions.
The highest value of cold viscosity was recorded for the suspension of extrudates containing 20% of oat bran, while it was the lowest for that containing rye bran. Analyses of extrudate with an addition of 20% of oat bran as well as 20 and 40% of rye bran showed a slight increase in viscosity at the initial stage of heating; however, no defi nite peak indicating the presence of non-gelatinized starch in extrudate was recorded for any sample. It was also shown that with an increase in the share of wheat and rye bran in samples the value of viscosity increased. An opposite trend was observed in the case of oat bran application. Viscosity (cold, hot and fi nal values) of samples with a 40% addition of oat bran was lower than at a 20% addition. This may result from the presence of fat in oat bran, which may form complexes with starch, thus reducing its solubility. When comparing results of fi nal viscosity higher values of this index were found for samples with 40% rather than 20% of bran contents when oat and wheat bran was added; in contrast, in the case of rye bran the results did not differ statistically irrespective of the amount added. In this experiment extrusion conditions were constant, thus the observed differences probably result from a different chemical composition and susceptibility to physical transformations of extruded blends.
In order to facilitate the interpretation of the infl uence of bran additives on extrudate features, PCA was performed. Two principal components were obtained, based on calculations, which allowed explaining 83.86% of the total variance of the variables analysed. The fi rst and the second principal component carry 65.85% and 20.00% of information about the tested products represented by the variables, respectively. The relation between the data input and the principal components is plotted on the Figure 2 .
Based on PCA a positive correlation was found between overall desirability, and crispiness, porosity, taste, colour as well as the expansion rate ER (vectors are found in the same part of the graph and angles between them are small). Hardness and density of extrudates were negatively correlated with overall desirability. Hardness and density were also negatively correlated with ER (the vectors are found at opposite parts of the graph). It was also shown that colour in sensory examination is positively correlated with brightness and yellowness of the sample, while it is inversely correlated with redness. In turn, there is no correlation between characteristics of extrudates and viscosity of suspension of the materials measured both under standard conditions and in the critical paste test. This confi rms that the method proposed by Whalen (1998) for the selection of adequate quality of corn material for the production of extruded snacks does not work when other additives are used, modifying viscosity over a wide range of values. PCA makes it possible to cluster samples and infer on their similarity based on all analysed characteristics reduced to two principal components (Fig. 3) . It was shown that samples with an addition of rye bran, irrespective of the added amounts, exhibited similar characteristics. Similar properties were also observed for the sample with a 20% addition of wheat bran. In turn, samples with an addition of oat bran were characterized by other properties. These properties changed greatly with an increase in the share of oat bran.
CONCLUSIONS
The addition of oat, wheat and rye bran modifi es physical and dietary properties of produced extrudates. The application of a 20% of bran addition, irrespective of its type, makes it possible to classify these snacks as high-fi bre products. Among the tested samples extrudates with the addition of oat bran characterise by the highest expansion and the lowest density. An increase in bran content from 20 to 40% in extrudates reduces the expansion rate and increases product density, leading to a deterioration of product quality in sensory evaluation, confi rmed by PCA. The type and amount of bran addition infl uences also the colour of extrudates. Snacks with an addition of oat bran characterise by the highest brightness and the most intensive yellow colour.
In terms of sensory attributes the best properties were found for snacks with a 20% addition of oat bran. The addition of rye and wheat bran at 20% and oat bran at 40% provides suffi cient quality product, while the properties of snacks with an addition of 40% wheat and rye bran are not acceptable by panellists.
The type and amount of bran addition modify also physical properties of the extrudates. Based on the Critical Paste Test (performed with RVA) it was stated that aqueous suspensions of the raw material with an addition of oat bran exhibit greater viscosity that in the case of wheat and rye. Unfortunately, large differences in recorded viscosities show that the test may not be the basis for indication of a raw material for obtaining the best quality product. The Principal Component Analysis (PCA) shows a lack of correlation between quality of snacks and viscosity parameters of raw material suspensions.
WYKORZYSTANIE OTRĄB OWSIANYCH, PSZENNYCH I ŻYTNICH DO KSZTAŁTOWANIA WŁAŚCIWOŚCI DIETETYCZNYCH, CECH FIZYCZNYCH I SENSORYCZNYCH EKSTRUDOWANYCH PRZEKĄSEK KUKURYDZIANYCH STRESZCZENIE
Wstęp. Produkty zbożowe są podstawą piramidy żywieniowej. Przekąski są grupą produktów zbożowych, których popularność wciąż wzrasta. Niestety, niewielka jest wartość dietetyczna tego typu żywności. W celu jej zwiększenia do produkcji przekąsek można zastosować dodatek różnego rodzaju otrąb zbożowych. Domieszka otrąb może jednak oddziaływać niekorzystnie na cechy jakościowe produktów. Materiał i metody. Kaszkę kukurydzianą z dodatkiem 20 i 40% otrąb owsianych, pszennych i żytnich poddawano ekstruzji. Porównano podstawowe parametry określające wartość odżywczą oraz cechy fi zyczne i sensoryczne uzyskanych sześciu rodzajów ekstrudatów. Określono także wpływ zastosowanych dodatków na lepkość wodnych zawiesin surowców i ekstrudatów mierzoną w kontrolowanych warunkach z zastosowaniem RVA.
